The effect of homogenous heating variables (temperature and time holding) on the tendency of high strength Al-alloys type 7020 is investigated. The experiments were carried out by heating the specimens at different temperatures (100, 150, 200, 250, 300, 350, 400, 450 and 500) °C for two periods of holding time (one hour and two hours). Microstructure of an alloy was investigated by the optical microscope before and after heating at each temperature and precipitation phase and clearing revealed MgZn 2 . An immersion test was applied on specimens after heating to show the reduction in weight. Polarization technique was used to study the effects of microstructures on their electrochemical behavior in 3.5% NaCl solution. Microscopic and X-ray examination were used to reveal pitting corrosion on the microstructure of non-heated and heated 7020 Al-alloys. The results show that increasing the temperatures of heating from 100°C to 500°C caused the appearance of pitting corrosion on the precipitated phases and increase of pitting corrosion tendency with increase of temperature of heating; increasing time holding of heating from 1 hr. to 2 hrs. increases the pitting corrosion.
INTRODUCTION
Many metals suffer from corrosion; aluminum alloys are one of them. They are extensively employed as structural components in industrial practice. Some surface treatments (e.g. anodizing, chromating, painting, coating and cathodic production) are used to improve their corrosion resistance. Very few studies have been devoted to the case of pitting corrosion. Zhao et al, 1998 study of the morphology of pits formed by corrosion of thin films of aluminum using an in-plane light scattering technique. It can be shown that the corrosion front of the thin aluminum film can be treated as a quasi-two-level random rough surface. Zuhair and Amro, 2002 . The electrochemical behavior of aluminum alloy 6061/Al 2 O 3 metal matrix composite was investigated in a 3.5% NaCl aqueous solution; cyclic polarization tests were carried out to determine pitting potentials and repassivation potentials in 3.5% NaCl solution. This work included an investigation of pitting corrosion of aluminum alloy 7020 is predicted, thus the prediction of the pitting corrosion is a challenging task. This paper has a novel discussion of the pitting corrosion behavior.
Experimental Work
Materials and Equipments : A plate of aluminum alloy (7020) having dimension (300x80)mm of 10mm a thickness was prepared. Table 1 The Preparation of the Specimen: Specimens of (25x30) cm were cut from the metal plate. The dimension of the surface to be tested is 25cm x 25cm, a 0.5cm upper edge was left in order to suspend the specimen in the solution from a 0.2cm diameter hole located in the center upper edge of the 0.5cm.
The Preparation of the Surface Specimen:
The surface specimen is grounded with abrasive paper of grades 400, 800, 1000 and 1200 respectively .The grinding process was continued until the clay layer was removed. This process was followed by two stages of polishing. In the first stage alumina paste having particles of 5µ diameter was used. In the second stage 0.5µ diameter of alumina paste was used in order to obtain good polished surface. The specimen was then cleaned with acetone to remove any dirt or grease from the polished surface.
Environment "Electrolyte Preparation":
In order to study the pitting corrosion of 7020 aluminum alloy; a solution of a 3.5%NaCl and de-ammonized distilled water for the solution was prepared and measured by a pH meter. It was found to be 6.9 .
Corrosion test:
The pitting corrosion behavior of the specimen in Table 2 was carried out by two examination methods: Immersion tests: Immersion test was applied on the specimens of Table 2 as follows: Sea water was prepared containing a 3.5%NaCl solution and one liter of distilled water. Specimens were measured before immersion for seven days in cups containing sea water.
After surface preparation, the surface areas of the specimens of Table 2 were carefully measured. Since area enters into the formula for calculating the corrosion rate, the original areas 25mm x 25mm were used to calculate the corrosion rate. Specimens are electrically insulated and isolated from contact with another metal to avoid any galvanic effects. All original the areas of 25mm x 25mm are completely immersed in the tested solution.
Electrochemical tests:
The prepared specimen of Table 2 was fixed in the holder shown in Figure 2 . The reference electrode was fixed about 1mm away from the surface of the specimen to be tested. The reference electrode used in this study was Saturated Calomel Electrode (SCE). The auxiliary electrode used in the electrochemical cell was platinum type. The specimen holder (working electrode), together with the reference and auxiliary electrodes were inserted in their respective positions in the electrochemical cell used for this purpose so that they fit all these electrodes as shown in Figure 3 . The cell used was made of glass. Constant potentials (anodic or cathodic) can be impressed on the specimen, by using the potentiostat (Mlab200 of Bank Eleck Germany). This potentiostat is able to induce a constant potential ranging from -1V to +1V. They are the potentials of the standard reference electrode used in this study. The potential difference between the working electrode (WE) and the reference electrode (RE) and any current passing in the circuit of the working electrode where the auxiliary electrode can be measured by using the SCI Computer Software. Any potential difference between the working and reference electrodes as well as any current in the working electrode circuit were be automatically recorded. The results and plots were recorded using Window XP. The scan rate can be selected also. Polarization resistance tests were used to obtain the micro-cell corrosion rates. In the tests, cell current reading was taken during a short, slow sweep of the potential. The sweep was taken from100mV to +100mV relative to OPC. The scan rate defines the speed of potential sweep in mV/sec. In this range, the curve of current density versus voltage is almost nearly linear. A linear data fitting of the standard model gives an estimate of the polarization resistance in order to calculate the corrosion current density (I corr ) and corrosion rate. The tests were performed by using a WENKING MLab multichannels and SCI-Mlab corrosion measuring system from Bank Electronics-Intelligent controls GmbH, Germany 2007, as shown in Figure 4 .
Microstructure Inspection: The microstructure evolution was investigated by using computerized optical microscopy as shown in Figure 2 . The specimens were prepared for this purpose, the figure in Table 2 were taken for all specimens .
1.
By using electro-etching in solution [2.5% NaCl + 8.7% NaSo 3 + 11.92% NaCo 3 ] with distilled water .
2.
The photographs were investigated as shown in Figure 5 . Figure 6 shows the effect of heating temperature at 1 hr. holding time on the electrochemical behavior of 7020 Al-alloys in 3.5% NaCl solution. They indicate that increasing the heating temperature (100, 150, 200, 250, 300, 400, 450 and 500) C° led to a decrease in the passive region of the alloy and shift the E corr to more negative direction (-745,-830,-805,-790,-760,-595,-621,-705,-695,-680) respectively. From this figure, it can be concluded that the pitting resistance of 7020 Al-alloys decreases with the increase of the heating temperatures. The microstructure of an alloy consists of solid solution and inter-metallic particles (IMCs) remain non-dissolved, when heating at low temperatures. Inter metallic particles can be grouped into coarse inter metallic particles and fine precipitates in aluminum alloys (Rollason,1973) . Coarse inter metallic particles form during the solidification process, while fine precipitates (including hardening precipitates in the matrix and grain boundary precipitates) form during ageing process (Rollason ,1973) . As mentioned earlier, intermetallic particles play a crucial role in localized corrosion of aluminum alloys. The coarse intermetallic particles can be divided into two groups. Active particles and Noble particles relative to the Almatrix. Therefore, the inter-metallic particles exhibit electrochemical properties different from the Matrix. Mg containing phases are active to the matrix and act as anode. They are susceptible to active dissolution or (Mg) de-alloying when immersed in chloride solution. However, the higher is the level of precipitation hardening which occurs at high heating temperatures the higher is the susceptibility to corrosion. Active components of the matrix alloy and the inter-metallic phases may corrode selectively, resulting in changed corrosion properties. Pitting is a highly localized type of corrosion as shown in Figure   6 in the aggressive chloride ions. Pits are initiated at weak sites in the oxide film by chloride attack. Pits propagate according to the following anodic reactions:-
RESULTS AND DISCUSSIONS

Effect of Heating Temperature:
Hydrogen evolution and oxygen reduction are the important reduction processes at the inter metallic cathodes as
According to reaction 2, the pH will decrease as pitting propagates. Therefore, the environment inside the pit (anode) changes. To balance the positive charge produced by reactions 1and 2, chloride ions will migrate into the pit. The resulting HCl formation inside the pit causes accelerated pit propagation. It is postulated that, at the critical pitting potential, breakdown occurs by a process of field assisted Cl adsorption on the hydrated oxide surface and formation of a soluble basic chloride salt which readily goes into solution. This salt was considered to be AlCl 3 or Al(OH) 2 Cl. Figure 6 . Table 3 shows also the pitting current density. The pitting current density (as shown in this Figure and Table) decreases sharply when the oxide film of Al 2 O 3 gives good protection against environment attack. The pitting current density have 50.1 μA/cm 2 when the alloys 7020 have heated to 100 °C and remain 1hr then cooling in furnaces. This value indicates low pitting corrosion. The oxide Al 2 O 3 can be used as a protective film. When the heating temperatures increases, the current density of pitting corrosion increases. This means that the oxide film fails to protect the surface alloy from corrosion attack. From Figure 6 the maximum value of current pitting corrosion take place at heating temperatures as follows: 100> 150> 300> 400> 200> 350> 450> 250> 500°C. These results are not only attributed to the change in the oxide film nature but also in the characteristics of the inter-metallic particles and Almatrix. show the effect of holding time on the electrochemical behavior of 7020 Al-alloys in 3.5% NaCl solution at various heating temperatures (100, 150, 200, 250, 300, 350, 400, 450 and 500) °C. They indicate that the increase of the holding time from one hour to two hours led to an increase of the potential of the pitting corrosion E pit to a more negative value. This indicates that the pitting resistance of 7020 Al-alloys decreases with an increase in the holding time of the heating. This is due to precipitation of phases and intermetallic compounds. It was observed that when the holding time of the heating temperature increases, the precipitation process would have sufficient time to occur. The kinetics of phase precipitations are usually affected by the variations in the holding time of the heating temperature. This behavior is attributed to the difference in the micro-structure of the alloy. The study of Wojcirch,1991, evidenced that time and temperature of heating must be chosen to give the proper precipitate size; if temperature is too low, the critical dispersion was never be achieved, although the hardness grows with time as the precipitate size increases. If the temperature is too high, the precipitate is too coarse. Thus, the system's free energy is lowered in steps by passing through a series of metastable state on the road to equilibrium.
As there are differences in the composition of the alloy, the first step in the precipitation is the segregation of the atoms of the alloy element into clusters or platelets with a few angstroms in thickness and a hundred angstroms in diameter; it is still part of the parent lattice. These platelets are often called Gainure-Preston Zones or GP1 Zones. In the next step, the atoms of the alloy element diffuse to the GP1 Zone to form a larger one called GP2 Zone. A new transition phase which is coherent with the matrix is precipitated. With increasing time and temperature of heating, the coherent transition phases convert into the equilibrium precipitate without coherency. The tendency to pitting corrosion is associated with these intermediate forms of precipitates. Wojcirch,1991 had observed that the optimum strength was obtained by heat treatment at 165°C for ten hours, after which, if the treatment time is prolonged, a rapid precipitation of non coherent particles would take place. The solid solution (Matrix) rejected the non-coherent phase. This process in this structure due to faulty heating is generally termed "reversion". It is seen from Figure 7 , that corrosion current density decreases with increasing heating temperature from 100, 150, 200 and 250 °C. This can be attributed to intermediate forms of the precipitate. It is seen also that, at 2 hrs. holding time the current density is always higher than at 1 hr. holding time. At 300°C temperature the specimens were protected by very adhesive oxide layer which acted as a barrier between the environment and the surface specimen. Therefore, the current corrosion increases. The tendency of different heated specimens to corrosion is illustrated in Figure 8 . It is seen that when heating temperature increases, the E corr shifts to a more negative value. This is because of the particles precipitation. Figure 9 illustrates that the breakdown potentials are constant at heating temperature of 100 and 150°C, at temperature of 400, 450 and 500 °C, the E b increases due to particle precipitation. The behavior of 2 hrs. holding time is the same at that of the 1 hr. holding time. Figure 10 illustrates the dependence of E rp on the heating temperature. At temperatures of 100, 150 and 200 °C the E rp decreases; at temperature higher than 250°C, the E rp increases and the mean value of E rp = -300 ≈ 320 mV.
Morphology of pits :
The microstructure for aluminum alloy 7020 which presented the specimen classification A,B and C for Table 2 were shown in Figure 11 . It is observed that variation in grain size of the alloy 7020 depend mainly on the proportion of the zinc and magnesium elements, their values and the presence of other alloying elements causing the formation of different soluble or insoluble compounds in the solid state (Rao ,2004) . The morphology of pits depends mainly on the microstructure of 7020 Alalloys. Heating at low temperatures results in a fine distribution of (G-P) zones. Therefore, these zones suffered pitting corrosion. The pit growth usually also causes a fine distribution of shapes. As heating temperature increases, (G.P) zones grow into indirect phases of (Mg x Zn y ) or (Al 2 Mg 3 Zn 3 ). Therefore, the alloy hardness increases with increasing temperature. In this condition, uniform pitting attack is promoted and coherent precipitates are most desirable for pitting corrosion. This is particularly remarkable for the shape of precipitates as shown in Figures 11 and 12 . At high heating temperatures, dark portions are formed. The portions consist of a mixture of α-Al and precipitates. These results are good evidences that the heating temperature and holding time have an important and similar effect on the microstructure of the alloy and its electrochemical properties. It is evidenced from the figures that with increasing heating temperature the corrosion resistance decreases. This is an important case related to the amount of the precipitated phases. However, the higher is the level of precipitation, the higher is the susceptibility to corrosion. The degree of both precipitation and corrosion susceptibility is a function of heated temperature and holding time. Pits have the shape of the active phase, which may corrode preferentially. Some phases may serve as a critical anode and provide cathodic protection to the surrounding matrix. Moreover, pit nucleation and propagation occur in the zones where MgZn 2 is accumulated which take place at high heating temperature (400-500)°C. At these temperatures, a double pitting behavior is observed; the first one is in the Mg and Zn enriched region and the second is in the matrix. Tables 4 and 5 show the XRD results after and before immersion. \ The intermetallic precipitate phase were formed after heating at different temperatures. The diffusion of element alloy (zinc, magnesium) was high but the solubility at normal temperature was low. Figure 11 shows an increase of grain size if the grain size is compared with specimen classification A in Table 2 and specimen classification B in the same Table. After heating at different temperatures for one hour; it can be seen that the grain size for specimen in classification B was large; this shows the effect of heating on grain size. The grain size of specimen classification C heated at different temperatures for two hours shows increasing the solubility of element.
Results of Immersion Test :
The results of the weight of specimens at different temperature before immersion and after immersion are shown in Table 6 . 
